Cardiovascular research requires complex and functionally intact experimental models. Due to major differences in the cellular and subcellular composition of the myocardium between species, the use of human heart tissue is highly desirable. To enhance the experimental use of the human myocardium, we established methods for the preparation of vital tissue slices from the adult ventricular myocardium as well as conditions for their long-term preservation in organotypic culture.
Introduction
The development of cardiac drugs requires complex and functionally intact experimental models. Models of the myocardium that comprise an intact multicellular tissue composition have been based mainly on animal experiments or animal organ preparations (e.g. perfused hearts). However, due to major differences in the cellular and molecular properties of the myocardium between human and other mammalian species, data from such test systems are of limited significance for the human situation. 1, 2 Currently, models derived from papillary muscle, trabeculae, or ventricular wedges represent the only preparations available for studies on the human myocardium. 3 -5 A major drawback with these preparations is attributed to the limited availability of human tissue samples, each permitting only few experiments that must be performed in due course. Consequently, the extensive use of the primary human myocardium has not yet proven to be feasible.
To overcome these limitations, the development of novel model systems has represented a major undertaking, as evidenced by the publication of a number of studies. 6, 7 The approach of engineering new tissues from embryonic or stem cell-derived cardiomyocytes † These authors contributed equally to this work.
may provide a relevant and functional platform, 8 but the complexity and functionality of adult heart tissue has not yet been reproduced. One major impediment of artificial tissues is certainly related to the absence of other cell types, since co-culture of cardiomyocytes and fibroblasts improves the functionality of the engineered myocardium. 9 As an alternative to in vitro generated tissues, the availability and preservation of the intact adult myocardium has been promoted substantially by newer techniques designed to generate precision-cut vital heart slices. 10 Maintenance of such cardiac slices in long-term culture has been achieved with slices derived from embryonic tissue. 11 Due to their high reproducibility and availability, these models have already proven suitable for many applications, including the analysis of stem cell engraftment in host tissue and the assessment of drug interactions in a multicellular environment. 8, 11 For physiological and pathophysiological investigations, however, the differences between the embryonic and adult myocardium impair the interpretation of the experimental data. Organotypic tissue culture of adult human myocardial slices may fulfil all the requirements of functionality, adequate availability, and in vitro manipulation for a long time period of over several weeks. The principles of such preparations have already been established for slices from various organs, but until now, they have not yet been successfully adapted for adult heart slices.
Methods

Slice preparation
Myocardial samples were obtained from 17 patients undergoing aortic or mitral valve replacement surgery in which hypertrophic subvalvular outflow obstruction of the left ventricle had be diagnosed. This obstruction was corrected by excision of an endocardial muscle bulge (myectomy) according to Morrow et al. 12 ( Figure 1 ). All patients had expressed their informed consent to the use of excised tissue for the scientific purpose of the study. The study has been approved by the local Ethics Committee (reference number 08-050) and conforms with the Declaration of Helsinki. Immediately after preparation, the tissue was stored in ice-cold modified Tyrode's solution [MTS, 136 mmol/L NaCl, 5.4 mmol/L KCl, 1 mmol/L MgH 2 PO 4 , 10 mmol/L glucose, 0.9 mmol/L CaCl 2 , 30 mmol/L 2,3-butanedione-monoxime (BDM), and 5 mmol/L HEPES, pH 7.4] and transferred to the laboratory within 2 h. Prior to slicing, the tissue was embedded in 4% low-melting agarose (Roth, Germany) dissolved in glucose-free MTS at 378C and subsequently bonded (Super Bond, Kent Germany) to the vibratome's (VT1200S, Leica, Germany) sample holder. The sample was quickly covered with ice-cold pre-gassed MTS and cut into 300 mm thick tissue slices using steel blades (Wilkinson, Germany) with 0.07 mm/s advance rate, and 81 Hz vibration of 1 mm amplitude. During slicing, the sample was cooled at 48C and oxygenated. After preparation, the slices were kept in ice-cold MTS for 30 min before they were used Figure 1 Schematic illustration of the slicing procedure and the experimental protocols. Hypertrophic left ventricular endocardium had been excised for therapeutic reasons to alleviate outflow obstruction, and tissue was cut into 300 mm slices under cardioplegic conditions. Slices were either used for acute measurements or cultured at a liquid -air interface. Measurements were performed after equilibration and an adequate pre-stimulation period.
Organotypic human heart slices for further experiments. Surgical specimens of the removed endocardium ( Figure 2a) were heterogeneous in size, so that the yield of slices with a minimum area of 5 × 5 mm varied between 4 and 20 from each sample. Whenever possible, slices were cut into strips of 8 mm width and 10 mm length with longitudinal orientation of muscle fibres.
Slice culture
Slices were cultured at a liquid -air interface using semi-porous tissue culture inserts (PICM0RG50, Millipore, USA) (Figures 1 and  2c) . Tissue culture inserts were placed in a six-well culture plate (Cellstar w , GBO, Germany) with 1 mL of culture solution [medium 199, 1% penicillin/streptomycin (both PAA, Austria)] and ITS supplement (Sigma-Aldrich, USA, composition: insulin 10 mg/L, transferrin 5.5 mg/L, and selenium 5 mg/L). Slices were cultured at 378C in humidified air with 5% CO 2 . The medium was exchanged daily.
Functional measurements
Functional measurements were carried out in horizontal organ baths [Mayflower, Hugo Sachs Elektronik (HSE), Germany]. The slices were bonded (Super Bond) to triangular vessel holders ( Figures 1 and 2b , HSE), covered with ice-cold MTS, and connected to isometric force transducers (F30, HSE). The slices were continuously perfused with prewarmed (378C) and pre-gassed Tyrode's solution (1.8 mmol/L CaCl 2 and 23 mmol/L bicarbonate, pH 7.4) for at least 10 min prior to any measurement. For determination of preload dependency of twitch contraction, tissue was stretched in steps of 0.5 mm every 5 min until inotropy was clearly declining.
Intracellular action potentials (APs) were measured by conventional microelectrode techniques using microelectrodes (5 -40 MV, filled with 2 mol/L KCl, amplifier SEC-05L, npi, Germany). In contrast to fieldelectrode pacing during force measurements, electrical stimulation was applied locally with a thin PtIr wire which was plunged into the tissue and connected to a stimulator (HSE). APs were characterized by the following parameters: resting membrane potential (RMP), AP amplitude, AP duration at 20% and 90% repolarization (APD 20 and APD 90 ), and maximal upstroke velocity. Only recordings that showed typical characteristics of cardiomyocyte APs (mean RMP for acute slices about 278 mV and upstroke velocity .10 V/s; see also Section 3) were considered for further analysis. The distance between stimulation and recording electrode relative to the latency between stimulation artefact and start of the AP was used to calculate the conduction velocity within the tissue. For this use, the electrodes were arranged parallel to the fibre orientation under optical control.
Functional measurements were performed with 1 Hz pacing rate and substances were added continuously to the perfusion establishing the denoted final concentrations (Figure 1) . We disposed the slices after an experiment, thus using a novel slice for each time point.
Real-time quantitative RT-PCR
After lysis of the tissue, RNA was extracted using proteinase K and phenol chloroform and subsequently purified on a PRISM6100 Nucleic Acid PrepStation (Applied Biosystems). First-strand cDNA was synthesized using the Cloned AMV First Strand Synthesis Kit (Invitrogen, USA) and was stored at 2208C. PCR primers were fitted to published cDNA sequences (NCBI GenBank), as shown in the Supplementary material online, Table  S1 , using the PrimerExpress software (Applied Biosystems). Oligonucleotide primers were obtained from Invitrogen. Real-time PCR was performed on a 7000 Sequence Detection System (Applied Biosystems) using Platinum w SYBR w green (Invitrogen) as described previously. 13 Copy numbers were normalized to the assayed amounts of total messenger RNA (mRNA; mean of 38.2 ng per sample) or to mRNA level of cyclophilin A (PPIA). To quantify the vitality of slices, we applied a well-established enzyme activity test using the tetrazolium salt 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide (MTT). Briefly, the slices were incubated with 0.5 mg/mL MTT for 30 min at 378C, and afterwards, the dye was extracted with DMSO. The absorbance of the supernatant was measured at 555 nm and values were corrected to total protein amount. Further details are described in the Supplementary material online.
Histological staining
For histological analysis, slices were formalin-fixed (4%), paraffin-embedded, and stained for haematoxylin/eosin. For immunohistological staining of vimentin and a-actinin, slices were sectioned in a cryotome and stained by a combination of the following antibodies: vimentin primary antibody (1:100, Abcam, UK) combined with the ALEXA-Fluor 
Statistics
Data are presented as means + SEM. Differences between two groups were evaluated using Student's t-test, with variations during culture being determined using one-way analysis of variance (ANOVA), followed by Bonferroni's post-test (Prism w , GraphPad Software). A value of P , 0.05 was considered as statistically significant.
Results
Viability and morphology
Human heart slices ( Figure 1 ) were used for electrophysiological or contractility experiments if cardiomyocyte-specific APs could be registered within 30 min of experimentation or twitch force exceeded 0.1 mN, respectively. These functional criteria were fulfilled in 89% (electrophysiology) and 89% (contractility) of all freshly prepared slices, and they were preserved for up to 28 days in 67% (electrophysiology) and 33% (contractility) of unselected slices held in culture over this period.
Analysis of the viability of acute slices revealed destructed cells only at the cut surface, as shown by the membrane-impermeable dyes FR and PI which label intracellular proteins and DNA of damaged cells, respectively (Figure 2d-f) . The protein-reactive dye FR also labelled extracellular proteins in the core of the slices, thus indicating penetration of the dye into intact tissue.
In cultured slices, no extensive damage at the cut surface was observed, indicating that cells initially affected by the slicing procedure had become disintegrated. In the core of the slice, only few cells stained positive for FR and PI (Figure 2g Figure S1 ).
Analysis of haematoxylin/eosin-stained sections revealed tissue remodelling during culture. While myocytes in fresh slices uniformly displayed a typical cross-striated sarcomeric structure, only 30% of myocytes displayed this morphology after 28 days of culture. In the course of cultivation, an increasing number of myocytes lost their typical rod-shaped morphology and adopted a granular distribution of actinin (Figure 2l , m, p, and q). In addition to these differences in cellular morphology, cultured slices seem to have enlarged extracellular spaces compared with acute slices (Figure 2j , k, n, and o).
mRNA analysis of cardiomyocyte-specific genes revealed the stable expression of connexin 43 and titin, a rundown of cardiac myosin light chain 2 (MLC2) and a transient rundown of a-actin during culture ( Table 1 ; see Supplementary material online, Table S2 ). Actin reached normal expression levels after 11 days, whereas MLC2 remained down-regulated for the entire culture period, indicating remodelling of the contractile apparatus. Expression of the fibroblast markers vimentin or discoidin domain receptor tyrosine kinase 2 (DDR2) was induced during the first 4 days of culture and subsequently stabilized or continued to increase in the case of DDR2 and vimentin, respectively ( Table 1; see Supplementary material  online, Table S2 ). Nevertheless, vimentin staining increased at the cut surfaces only, indicating local fibroblast proliferation (Figure 2n and p).
Contractility
Freshly prepared slices developed maximum twitch contractions (F max ) of 3.057 + 0.930 mN/mm 2 in a manner clearly dependent on myocardial strain ( Figure 3A and C ). In culture, F max decayed within 1 day ( Figure 3A) introducing a 1-week period of reduced but stable contractility (0.349 + 0.103 mN/mm 2 after 4 days) that converted to a continuous decrease in contractility reaching 0.051 + 0.003 mN/mm 2 after 3 weeks. Slices cultured for 13 + 2 days developed maximum contraction forces at a similar distension as acute slices; however, the diastolic force (i.e. passive tension) attained only low levels that were independent of strain ( Figure 3D ). As such, the elastic modulus and the elastic limit of the tissue are greatly diminished in cultured slices, most likely due to the observed rearrangement of myofilaments and connective tissue which also coincided with an altered mRNA expression of structural proteins. Fresh as well as cultured slices generally responded with an increase in diastolic force and a decrease in twitch contraction to more rapid stimulation at physiological rates ( Figure 3B ). Despite alterations in active and passive mechanical properties of cultured slices, their inotropic response to b-adrenergic stimulation was fully preserved throughout the culture period ( Figure 4A ; see Supplementary material online, Figure S3 ). In acute slices, an optimum concentration (1 mmol/L) of isoproterenol increased contractility 2.04 + 0.48-fold. Cultured slices developed a transient hypersensitivity to b-adrenergic stimulation during the first week, indicating that the b-adrenergic receptors might be up-regulated in turn of the missing b-adrenergic stimulation in vitro. However, the parameter stabilized at the initial reactivity after 11 days (2.11 + 0.11-fold increase in contractility). Analysis of dose dependency revealed no significant changes between EC 50 values of acute slices (180 + 63 nmol/L) and slices cultured for 7 days (118 + 20 nmol/L; Figure 4B ).
Electrophysiology and pharmacological safety testing
Intracellular recordings of cardiomyocyte membrane potential in acute slices revealed typical endocardial AP shapes characterized by high amplitude, fast upstroke, and a clear plateau followed by a rapid repolarization phase ( Figure 5A ). Compared with acute slices, cultivation of slices for 28 days provoked no major changes in cardiomyocyte electrophysiology regarding RMP (acute: 278.1 + 2.1 vs. 276.8 + 3.4 mV after 28 days; see Supplementary material online, Figure S2 ), APD 90 ( Figure 5C ), and AP amplitude and upstroke velocity ( Figure 5D ). mRNA expression of genes reflecting cardiomyocyte and fibroblast differentiation, the abundance of important channels, or transporters in fresh and cultured slices (n ¼ 6 -8 slices per time point, a total of eight independent heart samples) are given as copies × 10 5 per assay. Significant differences between cultured and acute slices are denoted at error levels of *P , 0.05.
period of culture consisted of an up to 50% shortening of the early plateau phase (APD 20 ; Figure 5C ) occurring after 3 -4 weeks, which resulted in a more triangulated shape of the AP. A suppression of AP amplitude and upstroke velocity developed in a reversible manner within the first days of culture ( Figure 5D ). We also noticed a change in the early phase of the AP ( Figure 5A ). This 'notch' was not observable in any cells from acute preparations, but was seen in the majority of cultured cardiomyocytes. The far-reaching stability of AP morphology during tissue culture corresponded well with the mRNA expression of major cardiac ion channel and transporter gene products. Transcript levels of Ca v 1.2, Na v 1.5, and NCX were constant throughout the whole culture period ( Table 1 ; see Supplementary material online, Table S2 ). A nonsignificant reduction in expression levels of the sodium channel Na v 1.5 was present after 1 and 4 days in culture which might have been responsible for the changes in AP amplitude and upstroke within the same period ( Figure 5C) . A slight increase in expression levels of cultured slices was detected for the mRNA of K v 4.3, which might be linked to the observed change in the AP morphology, since this is a prominent potassium channel involved in the transient outward current of the ventricular AP.
14 Contrariwise, the mRNA levels of the accessory subunit of K v 4.3, KChiP, were lower in cultured slices than in acute slices.
To enable a comparison of the mRNA profile of acute slices with published data on the expression of ion channels in the human heart, we normalized mRNA levels of specific genes to that of the housekeeping gene cyclophilin A (PPIA) and expressed this ratio by the factor 2 DCt × 100. The expression of 12 genes studied in undiseased human ventricle by Soltysinska et al. 15 has also been determined in acute slices and showed an excellent correlation. In particular, the relative expression in slices vs. undiseased myocardium of important ion channels and transporters such as SERCA2 (578. The latency between the time point of stimulation and AP upstroke reflected a physiological velocity of excitation conduction in acute slices (0.35 + 0.04 m/s). Propagation of excitation was maintained throughout the culture period, albeit at a reduced conduction velocity of 0.17 + 0.05 m/s after 28 days ( Figure 5B) .
In order to demonstrate the suitability of acute and cultured slices for pharmacological applications, we studied the effects of dofetilide and rilmakalim, two drugs which interact with K v 11.1 (hERG; human ether-a-go-go related gene product) and K ATP (ATP-dependent potassium channels) , respectively. Treatment with 1 mmol/L dofetilide Organotypic human heart slices prolonged the APD 90 significantly both in acute (151 + 3% of control; Figure 6A and C ) and in cultured slices (28 days: 141 + 6% of control; Figure 6B and C ). We employed rilmakalim, an opener of K ATP s, to mimic the cardiac reaction towards energy depletion. Administration of 1 mmol/L rilmakalim shortened AP duration in acute slices (24 + 5% of control APD 90 ) in the same manner as after 28 days of culture (24 + 7% of control APD 90 ) ( Figure 6A-C) .
The effects of dofetilide and rilmakalim were reproduced at several time points throughout the culture period ( Figure 6C ). In accordance with the electrophysiological stability of the preparations, the mRNA expression patterns of the main subunits of hERG and of K ATP (SUR2A and K ir 6.2) remained conserved in culture ( Table 1 ; see Supplementary material online, Table S2 ).
Discussion
In this study, we present a new model which enhances the experimental availability of the adult human myocardium in quantity and duration, and which permits functional investigations on the multicellular myocardium to be carried out over a long time period. The feasibility of the preparation of viable heart slices from animal sources has already been reported. 6, 10 However, this technique has not yet been translated to the human myocardium. This might be due to the reduced availability of adult human tissue as well as the lack of an appropriate culture method. In this regard, long-term preservation of heart slices has only been achieved with the embryonic myocardium 11 and a slice geometry that does not provide sufficient oxygen and nutrients to all cells during culture. 16 We developed a technique to generate human heart slices from adult myocardial tissue that is routinely removed during Morrow's procedure for the therapeutic surgery of left ventricular outflow obstruction. The high viability of the slices is the result of various optimizations of the slicing technology that have been published before. 10 Important factors comprise the addition of BDM to the storage and slicing solution which prevented mechanical sarcoplasmatic rupture during recovery. We also found the slicing technique to be compatible with the presence of moderate calcium concentrations. Consequently, the damage produced by calcium depletion and recalcification could be avoided. 17, 18 Altogether, these developments allowed a robust cardiac tissue to be prepared, which could be used not just for acute functional experiments, but also for cultures over longer time periods. Acute slices have proven suitable for functional and pharmacological investigations, as they produce typical twitch contractions and maintain a stable electrophysiology, which was also recently shown by Camelliti et al. 19 RMP and AP morphology were found to be constant over several hours and AP properties resemble those of human endocardium. 20, 21 The typical plateau phase, the fast upstroke velocity, and the length of the human AP indicate an intact functional state and make slices an adequate model for acute experiments on ion channel modulating substances. Despite the destruction of the uppermost cell layer by the slicing procedure, we found no evidence for indirect injury or disturbed syncytium in the core of the slices, which implies a rapid uncoupling of the cells at the cut surface. The visible fibre orientation and the size of the slices permit direct assessment of contractile performance which is close to that of isolated trabeculae from the rat or human myocardium (10 -20 mN/mm 2 ). 4 The somewhat lower contractility and the development of higher diastolic forces of sliced myocardium can be attributed to the non-parallel fibre orientation in deeper layers of the preparation and to an inhomogeneous force distribution. A further aspect that differentiates the slices from the healthy myocardium is the force-frequency relationship (FFR). While the human heart gains in inotropy with increasing heart rate, the performance of slices deteriorates. Most obviously, insufficient oxygen supply to the core of the slices may be accused for that effect. However, this notion may be contradicted by the observation of positive FFRs in isolated human trabecular strips of up to 500 mm thickness. 4 In addition, the FFR was unaltered in exemplary experiments with slices of 200 mm thickness (data not shown). Since the sliced tissue samples had been excised for the correction of cardiac hypertrophy, it appears reasonable to assume that the negative FFR reflects the hypertrophic phenotype of the myocardium, which typically involves impaired Ca 2+ sequestration by SERCA. 22 Great efforts have been made to preserve the functionality of single cardiomyocytes in culture, but electrophysiological and contractile Figure 4 b-Adrenergic stimulation. Fresh slices (day 0) showed a two-fold increase in maximum twitch contraction after b-adrenoreceptor stimulation (isoproterenol, 1 mmol/L). This response was enhanced during the first week of culture and returned to normal levels for the rest of the culture period (A, n ¼ 3 -6). The dose-response relationship of isoproterenol did not differ significantly between acute and cultured slices (B, n ¼ 3).
properties drastically change within few days. 23 To overcome these limitations, we applied culture conditions analogous to the brain slice culture technique. 24 Thus, slices were in a liquid -air system on a permeable filter, which optimized oxygen supply and maintained the original dimensions of the slice due to prevention of mechanical distortion. We found that a serum-free basic medium supplemented with ITS was sufficient and essential for long-term viability of heart slices. A general advantage of slice culture over isolated cardiomyocytes is the presence of a native tissue environment. This should be important since contacts to extracellular matrix and intercellular communication impact the in vitro differentiation of cardiomyocytes. 25 The physiological environment may be accounted for the observed maintenance of electrophysiological parameters and functional syncytium of cardiomyocytes in slice culture. We observed a significant and rapid rundown in force development even after the first day in culture which is indicative of tissue remodelling. Contractile dysfunction develops in cultured resting cardiomyocytes as well as in chronically unloaded hearts, 26 and thus can be attributed to mechanical inactivity which also applies to cultured slices. In our model, the remodelling process was underlined by a decrease in mRNA expression of cardiac MLC2 and cardiac a-actin which occurred with similar kinetics as the rundown of inotropy (see Supplementary material online, Table S2 ). This corresponds well with the rearrangement of myofibrillar structure observed in isolated cardiomyocytes 27 and holds responsible for a continuing loss of cross-striated and rod-shaped cardiomyocytes in cultured slices. A further consequence of tissue remodelling during culture emerges as an extensive drop in passive elasticity of slices. Diastolic tension in the myocardium is primarily generated by the myofilaments comprising the protein titin, but is supplemented by the stiffness of the collagen network in conditions of pathophysiological stretch. 28 The elastic stress at low strain conditions was only slightly lower in cultured slices compared with acute slices (1.7 + 1.3 vs. 4.1 + 1.1 mN/ mm 2 at 0.5 mm distension), whereas a further increase in force development at high distension (.1 mm) occurs in acute slices only ( Figure 3) . Together with the non-significant reduction in titin expression in cultured slices, it may be concluded that the concurrent loss of elasticity is predominantly attributable to degradation of the extracellular matrix.
There is no evidence that the alterations of mechanics properties of cultured slices might involve myocyte necrosis. These cells maintain high viability in culture as demonstrated by membrane integrity staining and MTT metabolism. In contrast to acute slices, damaged cells at the cut surface disappear in culture. Fibroblast overgrowth, which regularly occurs in primary cell culture, is no major limitation in cultured human heart slices. Prominent expression of vimentin was restricted to the slice surface, whereas the centre was not affected (Figure 2n and p) . Limited fibroblast proliferation was also reflected in the mRNA expression of the selective fibroblast marker DDR2, which reached a steady state after 14 days of culture ( Table 1 ). Overall, these results tie in well with force measurements which indicate that the remodelling process becomes completed after 2 weeks.
The occurrence of time-dependent alterations in contractile performance and sarcomeric organization implies that studies using cultured heart slice tissue must be performed in a rigorously time-matched design if independent treatment groups need to be compared. Standard assays will include the assessment of basal conditions that can serve as absolute or relative references for subsequent interventions. In this way, an accurate determination of adrenergic sensitivity seems to be feasible for at least the first week of tissue culture (Figure 4) .
The culture conditions of human myocardial slices provided excellent preservation of cardiomyocyte electrophysiology, as demonstrated by intracellular potential recordings and pharmacological interventions. AP characteristics are typical for human endocardium 20 and are broadly retained in culture, an observation which is in contrast to previous findings in isolated cardiomyocytes. 23, 29 Cultured single cells usually have decreased potassium currents, typically resulting in a more positive RMP and an altered AP shape. 23, 26 There is evidence that these changes in primary cell culture are caused at least partially by a loss of T tubules, where several channels are primarily located. 30, 31 Our results, especially the preservation of the RMP and the unaltered reactivity to rilmakalim indicate functional potassium currents such as the I K1 and the I KATP . It may be concluded that by culturing a multicellular tissue, the dedifferentiation of T tubules that occurs in single myocytes can be avoided. The nature and mechanisms of this phenomenon, however, await further clarification. We only observed slight changes in the plateau phase of the AP. This might be an indication for an altered expression or activation state of the calcium and potassium channels. Since mRNA expression of the major cardiac ion channels was not altered during culture, an involvement of other channels such as the T-type calcium channel may have occurred. However, stable mRNA levels are no evidence for the existence of the respective ion current, since ion channels could be modified by post-transcriptional modification, trafficking, or active regulation.
In order to examine the suitability of slices for safety pharmacology, two primary mechanisms for bringing about undesirable cardiac effects were simulated. First, the hERG channel was blocked, as occurs with a wide range of drugs whose further development is certainly hampered by this phenomenon. 32, 33 Dofetilide, a specific hERG inhibitor, prolonged the AP in the same range as described in published studies for non-human species. 34, 35 For instance, Barandi et al.
showed an increase in the APD 90 up to 140% in canine papillary muscle and another study showed a prolongation of the APD 90 from 264 + 8 to 339 + 8 ms in the endocardium of the rabbit ventricle. 34, 35 Secondly, we treated the slices with an opener of ATPdependent potassium channels, simulating a primary mechanism which occurs in response to energy depletion and which could represent a potential side effect of novel drugs. 36, 37 The rilmakalim-induced shortening of the AP down to 30% of the APD 90 is comparable to previous data obtained in rabbit Purkinje fibres and papillary muscles. 38 Both interactions induced typical and pronounced alterations of APs that remained quantitatively constant throughout the whole culture period. 39 We conclude that our culture technique is appropriate for preserving cardiac slices. The generation and long-term cultivation of primary adult human heart tissue may significantly contribute to the development of novel pathophysiological model systems, and it will certainly be a valuable addition to other cardiac methodologies. Unlike artificial models, where myocardial tissue is derived from stem cells, 7 our system directly reflects the human situation. This will be of great importance for the fundamental research of cardiac biology, where differentiation artefacts need to be excluded. In addition, human Figure 6 Pharmacological interventions during culture. Slices were measured after preparation (day 0) or at several time points of culture. APs were recorded before and after treatment with dofetilide or rilmakalim to block hERG channels or to open ATPdependent potassium channels, respectively (A and B). The specific influence on AP duration of both substances could be reproduced during the whole culture period (C). n ¼ 4 -7 slices per time point; a total of 17 independent heart samples; mean + SEM.
heart slices will support preclinical research, since new substances can be directly tested on human material before they reach expensive clinical trials. Long-term effects of novel therapeutic approaches on human heart tissue could not be assessed in vitro before now. Overall, we have shown here that we were able to increase the availability of primary human cardiomyocytes and provide for the first time an in vitro model allowing the examination of drug effects over a long time period.
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